For the purpose of improving sweetness and a further study on the structure-sweetness relationship of steviol glycosides, transglycosylation of stevioside by a variety of commercial glucosidases was investigated. It was revealed that two a-glucosidases gave glucosylated products. Transglucosylation of stevioside by Pullulanase and pullulan exclusively afforded three products, 13-0-[/J-maltotriosyl- glucosyl-steviol) is the major sweet glycoside of leaves of Stevia rebaudiana Bertoni (Compositae) and is utilized as a low-calorie sweetener in Japan. Because stevioside has slight bitterness and an aftertaste, improvements to the taste by means of the enzymic transglycosylation of stevioside and congener (rubusoside: 13, 19-di-0-/?-glucosyl-steviol from Rubus suavissimus S. Lee, Rosaceae) have been, investigated.1>2) A significant improvement in the quality of taste was evaluated for a mixture of mms-a-l^-glucosylated products from stevioside by the cyclodextrin glucanotransferase (CGTase) starch system, and this mixture is currently used as a better sweetener than stevioside.
Recently, the separation of all of the mono-, di-and tri-a-l,4-glucosylated products from this complex mixture has been achieved, and the relationship be-2959 tween sweetness and the location of transglucosylation was investigated.^Transfruc-tofuranosylation by fructosidase has also been reported. 3) The present paper deals with a further study on transglucosylation by a variety of commercial glucosidases. 2 were the most tasty sweeteners not onl) in the intensity of sweetness but also in the quality of taste; the relative sweetness oj stevioside to sucrose was x 160, and that of1 and 2 was x180 and x205, respectively Product 3 showed some bitter aftertaste anc its relative sweetness was x 133. Pullulanase is an enzyme which hydrolyzes the a-l,6-glucosidic linkages in pullulan tc produce maltotriose, commercial pullulanase being practically applicable for saccharifying starch to produce glucose and maltose on ar It is noteworthy that, as already mentioned, transglucosylation of stevioside by CGTasestarch system afforded a complex mixture of a number of mono-, di-, tri-and more glucosylated products, while that by the pullulanasepullulan system gave mainly 1, 2 and 3, although the yield under the present conditions was lower than that by CGTasestarch system. A solution of stevioside, Biozyme L and maltose in an acetate buffer (pH 5.45) was incubated at 50°C. The reaction mixture was separated in a similar manner to that already described to give three products, 4, 5 and 6 together with the starting material. 100.4 (a-Glc), indicating that 4 must have been a mono-a-glucosylated product of stevioside.
Alkaline saponification of4 gave steviolbioside (13-(9-/?-sophorosyl steviol) that has already been obtained from stevioside by the same method.
2) The location of the a-glucosyl moiety must be on 19-C<9(9-/?-Glucose. A methylation analysis of 4 indicated the presence of a terminal glucose, 2-linked glucose and 6-linked glucose,2) demonstrating that a-glucose was bonded to the 6-position of 19-C00-j8-glucose. This allocation was further confirmed by the 13C-NMR signal due to glucosylated C-6 (3 67.8 shifted from 62.6). Consequently, 4 can be formulated as 13-(9-/?-sophorosyl-19-0-isomaltosyl-steviol (Table  II) .
Negative high-resolution FAB-MSof5 gave the molecular formula C44H70O23(calculated by M-H). The XH-NMRspectrum of 5 exhibited four anomeric proton signals at 3 6.07 must have been a mono-a-glucosylated product of steviolbioside. The sugar chain on the 13-position should be straight, since the electron impact mass spectrum (EI-MS) of the acetate of 5a gave the ion peaks at m/z 331, Negative high resolution FAB-MSof6 gave the molecular formula C44H70O23(calculated by M-H). In a similar manner to that for compound5, the structure of6 was formulated Table II and the experimental section).
The relative intensity of sweetness to sucrose, and the quality of the taste were determined for 4, 5 and 6 by a panel of six professional tasters in the samemanneras that described in the previous paper.
2) The results are summarized in Table III As already mentioned, the structure-sweetness relationship in the trans-a-l,4-g\\xcosyl&-tion of stevioside and its congeners by the CGTasestarch system has been investigated. Table I ).
Transglucosylation by pullulanase. A solution of stevioside (1 g), pullulan (2.5g) and pullulanase (1,500 unit) in 50mMacetate buffer (pH 6.05, 50ml) was incubated at 50°C for 96hr. After boiling for 30min, the mixture was filtered, and then chromatographed on Diaion HP-20 by eluting with H2O, 40% MeOHand finally MeOH. The MeOH eluate was separated by HPLCin a YMC-pack ODS-5column using 50%MeOH as the eluent to give three compounds, 1 (36mg), 2 (24mg) and 3 (16mg). Methylation analysis of4. To a solution of 4 (10mg) in anhydrous dimethylsulfoxide (DMSO, 0.5 ml) was added 2m sodium dimsyl in DMSO(0.5ml), before the mixture was sonicated for 1 hr. To this mixture was added methyl iodide (0.3 ml), and the mixture was further sonicated for 1hr. The mixture was diluted with H2O (10ml) and extracted with chloroform. The chloroform layer was concentrated to dryness, and a solution of the residue in 90% formic acid (2ml) was heated in a boiling water bath for 1 hr and then concentrated to dryness. The residue was further hydrolyzed by heating with 1 n sulfuric acid (2ml) in a boiling water bath for 4hr. The reaction mixture was neutralized with barium carbonate and filtered. The filtrate was concentrated to 2 ml and sodium borohydride (25 mg) was added. The mixture was left at room temperature for 2hr, and after treating with Dowex 50 W(H+ form), the mixture (pH 3.5) was concetrated to dryness. Methylation analysis of 5a. By the same procedure as that for 4, three alditol acetates were identified. tR (min): 19.6 (from terminal glucose), 33.0 (from 2-linked glucose) and 39.1 (from 6-linked glucose). Methylation analysis of 6a. By the same procedure as that for 4, three alditol acetates were identified. tR (min): 18.3 (from terminal glucose), 30.7 (from 2-linked glucose) and 37.0 (from 3-linked glucose).
